Deng -Tian: Evaluation of the carbon emission of urban agglomeration -9493 -APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):9493-9504.
Introduction
The increasing greenhouse effect drew international attention towards problems concerning the ecological environment. At the Copenhagen meeting, China promised to "reduce the carbon dioxide emission per unit GDP by 40-45% by 2020 compared to 2005." Subsequently, the State Council listed low carbon level as one of the important development goals in the Plan for Ecological Environment Protection during the Thirteenth Five-year Plan Period. In the process of accelerating the development of urbanization, the rapid concentration of industry and population makes cities become the key areas of energy conservation and emission reduction. Therefore, China has successively issued many plans for building low-carbon cities. Located in the middle reaches of the Yangtze River Economic Belt of China, the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration is responsible for the rise of the central region. Under the two development strategies of the Belt and Road and Circum-Changsha-Zhuzhou-Xiangtan Integration, the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration should set up a model among the urban agglomerations in the middle reaches of the Yangtze River as well as bear more responsibilities in national and regional development and environmental governance. In this context, scholars have produced researches on CO2 which mainly include the following aspects: (1) Carbon emissions estimates. Most scholars calculate the carbon emission based on the carbon emission coefficient method (Ning and Zhang, 2014; Gong, 2015) , and some scholars estimate the carbon emission amount through the indirect calculation method. The input-output method is mostly used for the calculation of implied carbon dioxide (He, 2012; Zhao et al., 2019) . Due to the input-output method's lack of accuracy, the life cycle method is also favored by many scholars (Xia et al., 2010; Cao et al., 2011) . (2) Identification of driving factors. With the help of LMDI decomposition method, many scholars can calculate the driving direction and contribution value of each factor (Li and Zhang, 2016; Sun and Zhou, 2017) , and some scholars use Stochastic Impacts by Regression on Population, Affluence, and Technology (STIRPAT) model to conduct regression analysis and calculate the regression coefficient of driving factors. The direction and magnitude are judged by the positive and negative values of the coefficients (Feng et al., 2019) . In addition, some scholars use the Kaya identity to analyze (Pan and Hu, 2019; Wang and He, 2018). (3) Study on the potential of reducing carbon emission. There are many theoretical analyses on the potential of carbon emission reduction (Tian and Ding, 2018; Zhang et al., 2015) . Some scholars use the model to quantify the potential of carbon emission reduction, such as using decoupling index to quantify the potential of carbon emission reduction into elasticity index (Wang and Zhu, 2018; He and Cai, 2016), or different carbon emission scenarios are respectively set to predict the value based on the regression coefficients and the difference between each prediction result is calculated (Li et al., 2018; Gu et al., 2013) . In view of the existing research, the research methods on carbon emission have been more comprehensive, but most of the research objects are based on the national or provincial panel data, while the literature on urban agglomerations for the early stage is less. Therefore, the carbon emission of Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration is estimated from three perspectives such as agriculture, industry and transportation in a "bottom-up" way. At the same time, the relationship between carbon emission and GDP per capita is fitted, and the factors that drive the change of urban carbon emission are decomposed through LMDI model. Finally, the decoupling elasticity is established to analyze the dependence between urban carbon emission and economic development, so as to find a more suitable emission reduction path for the development of Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration, and provide more scientific policy suggestions for its green, coordinated and sustainable development.
Materials and methods

Method for estimating carbon emissions
In this paper, the "bottom-up" method is used to calculate the emissions of 2 CO in the primary industry (agriculture), the secondary industry (industry) and the tertiary industry (transportation (the main carbon source)) and summarize to obtain the emissions of in the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration of China. The detailed calculation ideas are as follows: transportation. The calculation formula for carbon emissions in different industries is broken down as follows:
(1) Carbon emission from urban agriculture. The sources of carbon emission in agriculture mainly come from agricultural cultivation and fertilization. Therefore, four factors such as agricultural machinery, effective irrigation area, chemical fertilizer and rural electricity are selected to calculate the urban agricultural carbon emission. The formula is as follows:
where indicates the carbon emission of the city in the t year, ti F indicates the total consumption of the i agricultural element in the year, and indicates the corresponding carbon emission factor of the element. According to the calculation of agricultural carbon emissions in Jiangxi Province (Cao and Cao, 2016) , the carbon emission coefficients of agricultural machinery, effective irrigation area, fertilizer and rural electricity consumption are selected respectively as 1.8 t/103 kw·h, 20.476 t/103 km 3 , 0.8956 t/t, 9.26 t/104 kw·h.
(2) Carbon emission from urban industry. Considering the availability and representativeness of the data, this paper selects the total amount of energy used by the large industrial enterprises after being converted into standard coal to calculate the urban industrial carbon emission. The calculation formula is as follows:
where indicates the industrial carbon emission of the city in the year, indicates the consumption of the energy in the year, and indicates the corresponding carbon emission factor of the i energy. The carbon emission coefficient of standard coal is 2.493 t/t, taken based on the IPCC China Greenhouse Gas Emission List.
(3) Carbon emission from urban transportation. According to the method of calculating the carbon emission in transportation and the applicability of the data in existing literature, this paper selects the emission of from passenger and freight vehicles and residential vehicles to replace the carbon emission of urban transportation. The calculation formula is as follows:
The carbon emissions of passenger and freight vehicles are calculated by using the calculation method of the United Nations World Tourism Organization (UNWTO), and the carbon emission of each traffic mode is estimated by the product of the turnover of each traffic mode and the corresponding carbon emission coefficient. The formula is as follows:
where, indicates the emission of from passenger and freight vehicles, indicates the turnover of the traffic mode in the year, and indicates the corresponding carbon emission factor of different turnover modes. In view of China's lack of authoritative turnover carbon emission data, this paper determines passenger vehicle carbon emission coefficient (He, 2010 ; Paul and Ghislain, 2010), which is converted to a freight carbon emission factor according to the unit cargo turnover provided by Greenhouse Gas Protocol and European Chemical Industry Association. The transport modes of passenger transport and freight transport statistics are railway, highway, waterway and aviation, and the emission coefficients of passenger transport turnover are respectively 27 g/p·km and 133 g/p·km, the emission coefficients of freight transport turnover are respectively 28 g/ton·km, 327 g/ton·km, 53 g/ton·km and 1,961 g/ton·km.
where, indicates the emission of from residential vehicles in the city in the t year, indicates the fuel consumption of 100 km of the transportation mean, indicates the annual mileage of the transportation mean, and indicates the carbon emission factor of the i transportation mean. Due to the difficulty in obtaining the corresponding data on the energy consumption and mileage of residential vehicles, according to the calculation of the carbon emissions in transportation of Wuhan (Gong, 2015) and Zhengzhou (Ning, 2014) and in combination with the per capita GDP difference of different provinces, this paper estimates the average annual mileage of different residential vehicles in the cities of the the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration proportionally. The fuel consumption of private cars for 100 km is mainly 93#, taking 0.1 L/km and the motorcycles mainly 125 motorcycles taking 0.22 L/km.
Drive factor decomposition model
The LMDI decomposition method overcomes the problem that the traditional decomposition method has the residual term. Therefore, according to the analysis framework (Albrecht et al., 2002) , the carbon emission of Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration of China is decomposed as follows:
where, indicates the total carbon emission of Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration, indicates the total carbon emission of the industry, indicates the energy consumption of the industry, indicates the total energy consumption of urban agglomerations, indicates the GDP of urban agglomeration and indicates employees in the urban agglomeration. In order to facilitate that decomposition, it is expanded to the follow form: If the total carbon emission of urban agglomerations in the basic period is set as , after T period, the change in the total carbon emission of urban agglomeration can be expressed as:
Considering that the energy carbon emission coefficient is constant, is not considered in actual calculation. 
(Eq.10)
Decoupling elasticity coefficient
According to the explanation of the decoupling analysis elasticity (Tapio, 2005) , the decoupling elasticity coefficient can be expressed as:
where, indicates the decoupling elasticity coefficient of the city, and indicates the total carbon emission of the city. The different elasticity magnitudes represent different decoupling states, and the specific corresponding relationship is shown in Table 1 . 
Results and discussion
Estimation results of carbon emission from Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration of China
Carbon emission and carbon emission intensity of Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration of China from 2008 to 2016 are shown in Table 2 . As can be seen in Figure 1 , the carbon emission of the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration from 2008 to 2016 can be divided into two phases. The first phase, 2008-2011, shows a steady upward trend in total carbon emissions at a relatively high growth rate, with the highest growth rate (15.18%) in 2011, increasing from 26.21 × 10 7 tons in 2010 to 30.19 ×10 7 tons in 2011, and the carbon emissions of the three major industries also increased rapidly in this period. In the second phase, 2011-2016, the total carbon emissions fluctuated slightly, with positive and negative growth alternately. The industrial carbon emission fell several times at this phase. Except for a sharp rise of the carbon emission due to the large amount of fertilizer used for the flood in 2013, it showed a slow growth in all other times. The carbon emission in transportation industry after 2011 had a lower growth rate. 
Figure 1. Carbon emissions and growth rate of Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration in 2008-2016
The EKC curve (Grossman and Krueger, 1995 ) is used to further explore the relationship between economic development and environmental pollution. Based on the data of carbon emissions and GDP per capita from 2008 to 2016 in the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration, a EKC curve regression model for the urban carbon emission including primary, secondary and tertiary terms is established:
where and respectively indicate the carbon emission and per capita GDP of the urban agglomeration, and 0, 1, 2, 3 and ɛ indicate the parameters to be estimated and the random error term. The regression analysis and test are carried out by using the software of E-Views (9.0). It is found that the quadratic function fitting curve is the best, with the fitting degree of 0.971, the F value is 101.75, and the P values all pass the significance test. The metrology model is shown in Figure 2 , the carbon emission and per capita GDP of Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration shows an obvious "inverted-U" curve.
Figure 2. Curve of carbon emissions and per capita GDP Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration in 2008-2016
According to the derivation of the fitting curve, the stagnation point is 5.073, that is, when the per capita GDP exceeds 5.073, the carbon emission is likely to fall, which http://www. may be due to complicated reasons: for example, the vigorous development of heavy industry in the early period of the economic downturn to rapidly improve the economic level has led to increased pollution. As the environment deteriorates and resource scarcity increases, the public has paid more attention to energy conservation and emission reduction and accelerated the research and development of high-tech and environmentally-friendly technology products, so the urban carbon emission has in turn been controlled.
Driving factor decomposition results
The LMDI decomposition results are shown in Table 3 , as can be seen in conjunction with the judgement matrix ( Table 4 ). During 2008-2016, the carbon emission in the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration of China increased 5 times and decreased 3 times, industrial structure and energy intensity suppressed the carbon emission of the urban agglomeration, and the economic development and human capital played an important role. Among them, the economic effect is the most remarkable, and its annual contribution to the growth of the carbon emission in the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration was 87%, so the increase of carbon emission in the urban agglomeration mainly depended on the driving value of economic development. The negative driving effect of industrial structure was obvious from 2009 to 2012, but the driving effect of energy intensity from 2012 to 2016 was obviously higher than that of industrial structure, and the contribution value increased rapidly. The growth in carbon emission in the urban agglomeration slowed down after 2013. From the time series, the contribution value of each factor is increasing year by year. Besides the negative growth of industrial structure after 2014, there is still room for adjustment. The growth rate of the contribution of the four driving factors to the urban carbon emission has gradually slowed down, but the growth rate gap is relatively obvious, of which the energy intensity contribution value has the fastest growth, with an average annual growth rate of 62.52%. Therefore, in 2013, its contribution value quickly exceeded the industrial structure and gradually had a gap, effectively suppressing the increase of carbon emissions of the urban agglomeration, which indicates that giving enough attention to energy consumption can effectively promote the process of green development.
Decoupling analysis
From Table 5 , the overall results show that the decoupling elasticity of the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration of China was mainly declining, with strong decoupling in 2011-2012, 2013-2014 and 2014-2015, that is, the carbon emission is decreasing with the economic growth, but weak decoupling in the rest of the years, which indicates that the overall economic growth rate is slightly higher than the carbon emission growth rate, and there is a strong decoupling trend. Changsha-Zhuzhou-Xiangtan urban agglomeration, are not in an ideal state of decoupling, and Changsha's carbon emission increased rapidly, with a negative decoupling of expansion between 2015 and 2016, that is, the growth rate of carbon emissions was far faster than the economic growth rate. In the later development, we should pay attention to the environmental governance. After 2013, Zhuzhou and Xiangtan mainly show a strong decoupling trend, that is, the correlation between economic development and carbon emission will gradually weaken, which is more conducive to energy conservation and emission reduction. The decoupling in Yiyang and Loudi was not satisfactory. The economic growth rate was slightly higher than the carbon emission growth rate, but lower than the average level of the urban agglomeration. According to the "inverted-U" curve between carbon emission and per capita GDP in Figure 2 , Yiyang and Loudi are still in the increasing stage of "inverted-U" curve, so the two cities should first focus on promoting the economy, only after the economic development to a certain level, is there enough funds and foundation to effectively promote energy-saving and emission reduction.
Conclusions and suggestions
In this paper, the carbon emission of the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration of China is decomposed into three parts: agriculture, industry, and transportation. At the same time, based on the panel data from 2008 to 2016, this paper uses LMDI decomposition method to calculate the direction and contribution value of the different factors that drive the carbon emission change of the urban agglomeration. Finally, the decoupling elasticity index is used to calculate the decoupling elasticity of each city and the urban agglomeration as a whole, and the following conclusions are drawn:
First of all, the annual growth rate of carbon emission of the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration is decreasing gradually though its carbon emission is rising and the fluctuation of industrial carbon emission is the most obvious. Therefore, the carbon emission of the whole city has an alternatively positive and negative growth trend after 2011. According to the results of the EKC curve, it is found that the carbon emission and the per capita GDP have a relatively obvious "inverted-U" curve, that is, when the per capita GDP reaches the stagnation point of 5.073 of the curve, with the increase of per capita GDP, the carbon emission shows a downward trend instead. Second, from the driving factors, industrial structure and energy intensity have the restraining effect on the total carbon emission, while economic development and population scale have driven the growth of the carbon emission, of which the driving role of economic development is the most significant and is the main reason for the increase in the carbon emission. The restraining effect of energy intensity gradually shows up in the later period and exceeds the negative driving effect of industrial structure, as the main factor that promotes the decrease in the carbon emission intensity. Finally, the overall decoupling of the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration is good and its carbon emission growth is always weaker than economic growth in the research period. The elasticity decoupling result in Hengyang and Changde is better, and their economic development and carbon emission both show strong decoupling trend but still have great room in Loudi and Yiyang. However, in Changsha, Zhuzhou and Xiangtan, as the core region of the urban agglomeration, the effect of decoupling is not obvious though the level of the economic development is relatively high, and the economic development is only slightly faster than the growth of carbon emission. In the later development, more emphasis should be placed on energy conservation and emission reduction
In the future research, there is still something worthy of further exploration. First of all, for the research objectives, this paper only studies the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration, which includes eight cities, the results are not universal; the range of the research objectives can be expended in the future. And then, due to the lack of some data, the calculation of carbon emissions is not comprehensive, for example, date of agricultural film and pesticides have not found. Finally, for the driving factors of carbon emissions, this paper only chooses the most significant four factors according to the research of a large amount of literatures, which can be extended for more measurement. Under such circumstances, this paper can only be regarded as a rough evaluation and preliminary study on the carbon emissions of the Circum-Changsha-Zhuzhou-Xiangtan urban agglomeration. As for the more in-depth content and more precise conclusions, it needs to be enriched in the future research. At the same time, I also hope that the research in this paper can be used as a reference for the research work of other scholars, and can provide useful thinking for the green development and practical work of urban agglomerations.
